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ES EXECUTIVE SUMMARY

ES1. Introduction

In several scheduled workshops, the State Water Resources Control Board (State Water Board) will
receive information regarding the scientific and technical basis for potential changes to the 2006 Water
Quality Control Plan for the Bay-Delta. The following materials related to salmonid species within the
Sacramento-San Joaquin Rivers/Bay-Delta Estuary have been prepared by the State Water Contractors
(SWC) and the San Luis & Delta-Mendota Water Authority (SLDMWA) to help inform the workshop on
Bay-Delta Fishery Resources.

The SWC and SLDMWA have compiled and assessed available scientific information on fishery
resources in the Bay-Delta estuary and summarized that information in two papers, one on Pelagic Fish
(submitted separately), and this paper, on salmonid species within the Bay-Delta estuary and Central
Valley watersheds of the Sacramento and San Joaquin Rivers.

The best available information shows that multiple interacting variables affect Central Valley salmonid
population dynamics. While uncertainty remains regarding which stressors, if any, may be the primary
drivers of species abundance, the most recent data suggest that predation throughout the watershed, as
well as upstream habitat and ocean conditions are among the most important factors.

The considerable physical changes that have occurred since settlement, including construction of rim
dams, channelization of Delta waterways, and eliminating access to floodplains, wetlands and other
habitats, have significantly and detrimentally affected salmonids. The complex estuarial problems that
have resulted cannot be rectified through additional releases from reservoirs or increased outflow from
the Delta. Focus should also be placed on restoring functions necessary to restore salmon abundance.

And, overemphasizing flow regimes as a restoration mechanism for protecting salmonids is unlikely to
provide meaningful, long-term benefits to the species and may do more harm than good. As a primary
example, one of the most critical factors in winter-run and spring-run Chinook salmon abundance is
careful coldwater pool management during the spawning and upstream juvenile rearing periods.
Requiring additional reservoir releases could deplete coldwater reserves for use in later months and later
years to such an extent that winter-run and spring-run Chinook salmon’s risk of extinction could be
increased.

ES2. Findings

Results from a substantial body of scientific research in the past two decades and more recent
lifecycle modeling have collectively provided a robust picture of the behavior and needs of
Central Valley salmonids. The scientific literature shows that increasing the abundance and
distribution of Central Valley salmonids requires considering all the stressors on salmonid
species. Continued or increased management of water projects without addressing other direct
and indirect stressors will not reduce threats to species’ survival and recovery and may
contribute to further declines in salmonid species.

Specific findings detailed in this report include the following:
¢ Upstream conditions (including water temperature and suitability of spawning habitat), predation,

and ocean conditions (for rearing and ocean harvest) are significant drivers of survival and
abundance for fall-run, late fall-run, winter-run, and spring-run Chinook salmon.
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e Salmonids spend most of their lifecycles upstream of the Delta and in the ocean. Most salmonids
spend 2% to 9% of their lifecycles (between 1 week to 3 months) in the Delta;

e There is a weak positive relationship between river flow and survival of juvenile Chinook salmon
and Central Valley steelhead. Existing flows would have to be substantially increased to provide
even modest improvement in juvenile migration survival to and through the Delta and even such
modest improvements are uncertain in the absence of improvements to adjacent habitat
conditions;

¢ Maintaining adequate upstream coldwater pool volumes is critically important to salmonid
reproduction and abundance. Increased reservoir releases to augment Delta inflows or outflows
could adversely impact cold water pool management in the summer and fall and the long-term
viability of some salmonid species;

e Additional Delta inflows or outflows will have no effect on ocean conditions, which appears be a
major determinant of salmonid abundance;

¢ Tidal flows overwhelm (i.e., are approximately 10 times larger than net Delta outflow) in the
western Delta. Thus, even doubling Delta outflows will not significantly affect juvenile salmonid
migration rates through the Delta.

ES3. Salmonid Lifecycles

The reproductive success, survival, growth, and overall abundance of Central Valley salmonids
are impacted by a wide variety of factors, including flows, water temperature, availability and
habitat suitability for spawning and rearing, seasonal inundation of floodplains, predation, and
recreational and commercial fishing practices. As a result, the length of individual life stages and
species abundance varies between species, rivers and years.

Central Valley Rivers support four Chinook salmon species: winter-run, spring-run, fall-run, and late fall-
run, as well as steelhead. These species are anadromous fish that spawn in freshwater but rear for most
of their lifecycles in coastal ocean waters. Chinook salmon and steelhead migrate upstream from the
ocean, through the Delta, and into Central Valley Rivers during the fall, winter, and spring months
depending on species (and the name for Chinook salmon, such as winter-run, reflects the seasonal timing
of adult upstream migration). For some species, rearing occurs in upstream areas followed by a
downstream migration as smolts (physiologically capable of the transition from freshwater to saltwater),
while other species migrate downstream shortly after emergence to rear in the lower reaches of the rivers
or the Bay-Delta until ready to move into saltwater. Salmonids are generally distributed throughout the
Central Valley, except for Winter-run Chinook which spawn and rear only in the mainstem of the
Sacramento River.

The timing of some salmonid lifecycle stages varies between species. For example, after emergence,
rearing in upstream river reaches varies from 4 to 42 weeks for Chinook species and between one to two
years for steelhead. Late Fall-run Chinook and Steelhead only use the Delta as a migration corridor for 1
to 2 weeks, but Fall-run Chinook, Spring- run Chinook, and Winter-run Chinook may spend between 2
and 12 weeks within the Bay-Delta before migrating to the ocean. Because salmonids typically have a 3
year lifespan, the time they spend in the Delta varies between 2 and 9 percent of their lifespan.

Although flow is often suggested as a predictor of salmonid abundance (with high flows one year resulting
in increased upstream adult migration in subsequent years), the relationship between flow and
abundance is characterized by high variability. Higher instream flows during the late winter and spring
months (even in sequential years) may or may not result in increased salmonid survival and abundance.
Because land-based factors that affect salmonid survival and abundance have been studied for several
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decades, ocean conditions (including food abundance) is often suggested as an important (and little
understood) determinant of salmonid abundance.

ES4. Regulatory and Habitat Enhancement Programs

A number of regulatory requirements have been implemented to enhance and protect critical and
essential habitat for Central Valley Chinook salmon, steelhead, and other aquatic resources within
the Bay-Delta estuary and Central Valley Rivers and tributaries. Although these programs have
improved fish abundance in some locations and seasons, variability in salmonid abundance
remains.

These regulations include actions by the State Water Resources Control Board, Central Valley and San
Francisco Bay Regional Water Quality Control Boards, National Marine Fisheries Service (NMFS),
Central Valley Project Improvement Act (CVPIA), California Department of Fish and Game (CDFG)
agreements, Federal Energy Regulatory Commission (FERC) actions, and Pacific Fisheries Management
Council (PFMC) decisions, such as ocean harvest restrictions.

In addition, over the past decade a number of habitat improvement and enhancement projects have been
designed and implemented as part of programs such as CALFED and the CVPIA Anadromous Fish
Improvement Program. These programs have resulted in spawning gravel augmentation and habitat
restoration, reduced risk of entrainment mortality through installation of fish screens on previously
unscreened water diversions, and installed new fish ladders to improve access to upstream habitat.
Additional beneficial actions include improved access to seasonally inundated floodplains, channel
margin habitat, tidal wetlands, hatchery management, harvest regulations and other actions to reduce
stressors on salmonids. The Data Assessment Team and salmon decision tree management process
have also helped improve conditions for salmonids. However, even with these measures, salmonid
abundance continues to vary.

ES5. Analytical Tools and Lifecycle Models

Results of recent lifecycle modeling suggest that upstream conditions, ocean conditions for
rearing and ocean harvest, and predation primarily drive salmon survival and abundance.

Several analytical tools have been developed to provide a framework to identify and evaluate potential
management actions, assess the relative importance of individual stressors on overall population
dynamics, and allow comparative cost/benefit assessments. However, many of these tools were
developed to address specific management actions, life stages, or addressed only a limited geographic
area.

Recent lifecycle models more accurately reflect differences in life stages, geographic distribution, and
factors that influence spawning, growth, survival, and abundance. Lifecycle models provide a tool for
assessing the relative importance of various factors on the abundance of adults as reflected by the
beneficial or adverse effects of stressors at each life stage. These models provide an analytical
framework for application of the best available scientific information regarding the response of a given life
stage to a management action or environmental condition. Lifecycle models can also help identify future
monitoring or research that could improve model assumptions and better identify functional relationships.

ES6. Linkages between Flow and Salmonid Survival

There is a weak positive relationship between river flow rate and juvenile salmonid survival. The
scientific literature suggests that enormous changes in flow are necessary to achieve even a
small change in survival in the Sacramento and San Joaquin rivers and even such modest
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improvement is uncertain. Increasing flows through reservoir releases or reduced diversions will
not restore many of the functions that Central Valley rivers and the Delta provided in the past.
Elevated water temperatures and predation are important factors that substantially impact
salmonid survival and changes in reservoir operations or rates of diversion will not resolve these
issues. Tidal hydrodynamics will overwhelm any perceived benefits of changes in reservoir
operations or rates of diversion for juvenile salmonid migration in the Delta.

ES6.1 Biological Roles of River Flows

River flows and associated olfactory parameters serve as environmental cues for adult salmonid
attraction and upstream migration to spawning habitat. Instream flows are needed to provide sufficient
water depths for adult upstream passage and adult holding in the upper reaches of rivers prior to
spawning. River flows also help to regulate water temperatures, increase dissolved oxygen levels, flush
fine sediments that deposit on gravels used for spawning, and remove metabolic waste from incubating
salmonid eggs. Flows also transport macroinvertebrates and zooplankton from upstream areas to rearing
juveniles. Pulse flows in the winter and spring, increase turbidity, and seasonal increases in water
temperature provide cues for downstream migration of juvenile salmonids.

ES6.2 Use of Flows to Regulate Water Temperature

Dam and levee construction, loss of wetlands, and reduced floodplain inundation within the Central Valley
have limited the geographic distribution of salmonids and reduced species abundance. Various projects
and programs have been implemented to address these adverse effects, including reservoir coldwater
pool management and timed flow releases to maintain suitable water temperatures below those
reservoirs. Because water in river channels is exposed to ambient air and solar radiation, water
temperatures increase as a function of distance downstream of a dam until a thermal equilibrium is
reached. Thus, while in spring, summer and fall, coldwater pool releases can reduce instream water
temperatures in limited river reaches below dams, for most of the Sacramento River and all of the Delta
such releases have no effect on instream water temperatures.

Flow augmentations have been suggested as a tool to increase abundance of desired fish species in the
Bay-Delta estuary. Modeling of the potential impact of increased reservoir releases suggest that reservoir
storage and thus available cold water at Shasta, Oroville, Trinity and Folsom Reservoirs would be
substantially impacted by winter and spring releases (between November and June).

Reservoirs that reach dead pool—patrticularly in consecutive years—would expose downstream
salmonids to stress and mortality from elevated water temperatures, reduce instream flow and physical
habitat, and could reduce population abundance and increase risk of species extinction. Adverse impacts
would also be likely for coldwater resident fish such as rainbow trout downstream as well as fish
populations within the reservoirs. If ambient air temperatures increase in the future due to climate change,
water temperatures would also increase, and the severity of adverse effects to salmonids and other fish
species from coldwater pool depletion would likely increase.

ES6.3 Relationship between Flow and Survival

Numerous studies have been conducted in the Sacramento and San Joaquin river systems and in the
Delta in the past 25 years to examine the relationship between flow and salmonid survival, and how
changes in river flows affect migratory processes for juvenile salmonids. In general, studies have also
shown high total mortality (70 to 80%) for juvenile salmon migrating downstream in the Sacramento River
before they reach the northern Delta.

Survival studies have identified a positive trend of increased juvenile survival during migration when river
flows are higher. However, these studies show: 1) high variability in juvenile survival for a given flow; 2) a
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weak relationship between survival and flow, which indicates that flow does not explain a substantial
proportion of the observed variation in survival;, and 3) a substantial increase in flow would be required to
achieve a small increase in predicted salmonid survival.

Tidal flows are typically much larger that net Delta inflows. As a result, Delta inflows and outflows are
likely to be overwhelmed by tidal hydrodynamics.

ES7. Salmonids in the Sacramento River System

Despite the construction of dams on the river and most major tributaries, analyses of Sacramento
River hydrology indicate that the system continues to be characterized by winter and spring pulse
flows from storm events that increase turbidity and contribute to migration cues for juvenile
salmonids. Producing pulse flows through reservoir releases will not increase turbidity in the
system, mimic seasonal increases in water temperatures, directly affect fish size, or improve and
migration cues.

The Sacramento River and its tributaries, including the American, Feather and Yuba rivers, and Battle,
Clear, Butte, Deer, Mill and a number of other creeks tributary to the river, support populations of Chinook
salmon and steelhead. Access to spawning and rearing habitat for salmonids in the Sacramento River
basin has been severely modified due to dam construction, river and stream channelization, levee
construction and rip-rapped bank protection, reclamation of tidal wetlands and channel margin habitat,
and management of areas for flood control purposes that historically functioned as seasonally inundated
floodplain habitat. Water diversions have altered the magnitude and seasonal timing of flows. The
introduction of non-native fish and other aquatic species has altered fish community dynamics.

Survival of juvenile Chinook salmon during emigration through the Sacramento River and Delta are
positively correlated to fish size (larger juvenile salmon typically have higher survival rates) and
Sacramento River flows, but are not significantly related to either the percentage of direct losses as
recorded as tag group salvage at the State Water Project (SWP) and Central Valley Project (CVP) export
facilities or combined SWP and CVP export rates (indirect effect).

Results of coded wire tag (CWT) survival studies have shown that survival of juvenile salmon migrating
downstream through the lower Sacramento River and Delta is highly variable within and among years.
Survival rates are weakly correlated with Sacramento River flow and Delta inflow and outflow during the
seasonal migration period. In addition, fish size and migration timing can have significant effects on
juvenile Chinook salmon survival during emigration.

Studies on downstream migration, using coded wire tag mark-recapture techniques, report higher survival
rates for juvenile salmon that migrate in the Sacramento River and lower survival rates for those that
migrate into the interior Delta through the Delta Cross-Channel and Georgiana Slough. Recent results
from limited acoustic tagging studies have confirmed results of the earlier studies showing higher mortality
for salmonids migrating into Georgiana Slough. The performance of a non-physical barrier at Georgiana
Slough was tested in 2011 and 2012, and appears to have reduced juvenile salmonid migration into the
interior Delta.

Acoustic tagging studies undertaken in the past decade have added substantially to the body of scientific
information that can be used in investigating mechanisms and factors that affect juvenile salmon survival.
However, until recently, this technology has been limited to relatively large, surgically implanted tags
requiring the use of larger (greater than 100mm ), hatchery-raised salmon which may not be
representative of the survival of smaller salmon fry and smolts during downstream migration.
Advancements in acoustic tag technology (allowing use of smaller fish) are continuing and are expected
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to substantially improve the understanding of juvenile salmonid survival, and address uncertainty from
earlier studies.

ES8. Salmonids in the San Joaquin River System

A substantial decline in survival over time not related to river flow or exports has been identified.
It has been hypothesized that ocean rearing conditions and increasing abundance of predatory
fish in the south Delta may be factors contributing to the trend of declining salmon survival.

The primary San Joaquin River tributaries, the Merced, Tuolumne, and Stanislaus rivers, support
spawning and rearing of fall-run Chinook salmon and small populations of steelhead.

The San Joaquin River basin fall-run Chinook salmon population has been characterized by high
variability in adult returns to the system that may reflect a cyclical pattern in abundance related to cyclical
ocean rearing conditions (e.g., Pacific Decadal Oscillation). In addition, the San Joaquin system is
characterized by substantially less freshwater runoff when compared to the Sacramento River basin,
which is reflected in lower instream flows and frequently greater seasonal water temperatures that affect
habitat quality and availability, reproductive success, survival, and overall abundance of Chinook salmon
and steelhead within the San Joaquin basin. In addition, striped bass and other predatory fish are
common in the lower reaches of the river, particularly in the spring months when juvenile salmonids are
migrating downstream through these reaches.

Juvenile salmon mortality rates for fish that migrate downstream via the interior Delta are generally
thought to be higher than for salmon that remain in the mainstem San Joaquin River based on results of
CWT survival studies. To reduce salmonid migration via the interior Delta, a rock barrier was tested for
several seasons at the Head of Old River. Results of CWT survival studies conducted using juvenile fall-
run Chinook salmon released into the lower San Joaquin River show greater salmon survival when the
temporary rock barrier was installed at the Head of Old River during the spring. More recently, a non-
physical (e.g., bubble curtain) barrier was tested, which showed that the barrier was approximately 80%
effective in deterring tagged juvenile salmon from entering Old River. However, the results also showed
that predation on juvenile salmon within a scour hole in the San Joaquin River immediately downstream
of the barrier altered salmon behavior and survival.

The 1995 Bay-Delta Water Quality Control Plan (D-1641) established the Vernalis Adaptive Management
Plan (VAMP) to investigate the effects on juvenile salmonid survival of San Joaquin River flows at
Vernalis, SWP and CVP exports, and the installation of physical barrier at Old River. Results of CWT
survival studies performed from 2000 to 2006 as part of VAMP did not detect a statistically significant
relationship between SWP and CVP exports and survival, although a positive relationship between San
Joaquin River flow and survival has been identified in both VAMP survival studies and analysis of spring
flows when juvenile salmonids were migrating.

Results of CWT survival studies have also detected a substantial decline in survival over time that was
not related to river flow or exports, and thus appears to be in response to another factor. It has been
hypothesized that in addition to ocean rearing conditions, increasing abundance of predatory fish over the
past decade in the south Delta may be a factor contributing to the trend of declining salmon survival.

ES9. Salmonids in the Bay-Delta

The dominant factor affecting hydrodynamic conditions in the Delta is diurnal tidal action. The
flow in Delta channels, as well as salinity intrusion into Suisun Bay and the Delta, is complex and
driven to a large extent by tidal stage.
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The Bay-Delta estuary serves as a migratory pathway for upstream immigrating adult and downstream
emigrating juvenile salmonids and serves as short-term rearing habitat for juveniles of some salmonid
species during their migration to the ocean.

Habitat in the Delta has been extensively modified through loss of most tidal wetlands and seasonally
inundated floodplains that produced food as well as cover, velocity refugia, and rearing habitat for juvenile
salmonids. In addition, species composition and trophic dynamics of the Bay-Delta food web have
changed in response to the introduction of non-native fish, macroinvertebrates, aquatic plants, nutrients
and contaminants. The recent expansion of submerged aquatic vegetation and increases in water clarity
(due to reductions in turbidity) provide advantages to some introduced predators of juvenile salmonids.

SWP and CVP export operations, as well as in-Delta diversions affect conditions for migrating salmonids
in the Delta. Depending on Delta inflows and the rate of in-Delta diversions and SWP and CVP exports,
the direction and magnitude of flows in interior Delta channels can be altered and “reverse flows” can
occur in Old and Middle Rivers (OMR). These flow modifications and other stressors affect
hydrodynamics within the Bay-Delta and may impact the route selection, migration rate, and the
behavioral response of juvenile salmon during migration through the Bay-Delta.

The scientific literature shows in-Delta survival of juvenile Chinook salmon during emigration through the
Delta is related to fish size (larger juvenile salmon typically have higher survival rates) and Sacramento
River flows, but are not significantly related to either the percentage of the CWT fish salvaged at the SWP
and CVP export facilities (direct loses) or combined SWP and CVP export rates (indirect effect).

Additional studies have shown that the numbers of fish salvaged at the SWP and CVP export facilities
provides an index of smolt survivorship to San Francisco Bay, and survivorship to the Delta has a much
stronger influence on salvage than does export rate.

Ongoing research on the Delta Passage Model (DPM) suggests it will provide an opportunity to integrate
various survival mechanisms, and make it possible to link route choices and survival in each route to flow
and water operations in the Delta and estimate the magnitude of indirect mortality related to pumping
volume.

ES10 Salmonids in the Ocean

Ocean conditions are an important factor impacting salmonid survival and abundance in terms of
both successful rearing and ocean harvest of adults. Changes in ocean conditions can have a
major impact on salmonid abundance that cannot be addressed through Delta or upstream flow
changes.

Chinook salmon and steelhead spend a considerable portion of their lifecycle inhabiting coastal marine
waters. Many salmonids enter the ocean as young of the year juveniles and reside in ocean waters for a
period of 2 years or more. The survival of smolts at the time of ocean entry is thought to be the most
critical phase for salmonids during their residence in the ocean.

During their ocean residency, juvenile and sub-adult salmonids forage and grow, and food availability is a
critical factor influencing their growth and survival. Food availability in coastal marine waters varies in
response to a number of factors that include coastal upwelling and ocean temperatures and currents.
When productivity is low available food supplies for juvenile rearing salmonids is reduced resulting in
reduced growth rates, increased mortality, and reduced adult abundance. When ocean productivity is
good juvenile salmon survival is high resulting in strong year classes with high adult abundance.
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Coastal upwelling and other oceanographic processes that influence productivity are characterized by
cyclic patterns with recurrence intervals that may vary from years to decades. For example, ocean
productivity was very low in the Gulf of the Farallones in 2005 and 2006 which was correlated with low
adult salmon returns in 2007, 2008, and 2009. In response to the low numbers of adult salmon in the
population the commercial and recreational fisheries were curtailed to protect the weak stocks.

Harvest of sub-adult and adult Chinook salmon in ocean commercial and recreational fisheries has a
strong effect on the number of adults that return to spawn in the Central Valley. Harvest rates are
regulated and have been reduced in recent years to help protect winter-run and spring-run Chinook
salmon.

Central Valley Chinook salmon inhabiting the ocean include both wild fish and those produced in Central
Valley fish hatcheries. Wild salmon populations cannot sustain harvest rates as high as for those stocks
produced in hatcheries, but there is currently no program in place to distinguish wild from hatchery-
produced fish. Mark-select fisheries (where all hatchery fish are marked) have been used as a
management tool in the Northwest to protect wild salmon. Similar changes to ocean harvest management
would improve abundance of wild Central Valley Chinook salmon.

ES11 Conclusion

Efforts to increase salmonid abundance in recent decades have resulted in some improvements, but
significant annual population variability remains. As salmonids only spend between 2 and 9 percent of
their lifespan within the Delta, proposed management actions focused on the estuary must be evaluated
within the context of the species’ entire lifecycles.

Ongoing research is improving our understanding of how various factors affect salmonid reproductive
success, growth, health, and survival, but the complex interaction of those factors results in substantial
uncertainty. Advances in applying acoustic tag technology, development and refining lifecycle models and
other analytic tools, continued experience in applying results of monitoring to adaptive management
decisions, and improved understanding of salmonid population dynamics serve to reduce uncertainty in
identifying effective restoration and other actions tha